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Abstract Reliable reference values of enzymatically
assayed serum creatinine categorized in small age intervals
are lacking in young children. The aim of this study was to
determine reference values for serum creatinine during the
first year of life and study the influence of gender, weight
and height on these values. Serum creatinine determinations
between 2003 and 2008 were retrieved from the hospital
database. Strict exclusion criteria ensured the selection of
patients without kidney damage. Correlation analysis was
performed to evaluate the relation between height, weight
and serum creatinine; the Mann–Whitney test was used to
evaluate the relation between gender and serum creatinine.
A broken stick model was designed to predict normal
serum creatinine values. Mean serum creatinine values were
found to decrease rapidly from 55 μmol/L on day 1 to
22 μmol/L in the second month of life; they then stabilized
at 20 μmol/L until the seventh month, followed by a slight
increase. No significant relation was found between serum
creatinine and gender, weight and height. We present here
reference values of serum creatinine in infants not at risk of
decreased renal function. The absence of a relationship with
gender, weight and height confirms that height-based
equations to estimate glomerular filtration rate are less
useful in patients of this age group.
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Introduction
Screening for renal disease or monitoring of renal function
should be based on an adequate estimation of the
glomerular filtration rate (GFR). The most commonly used
marker to estimate GFR is serum creatinine. Creatinine is a
break-down product of creatine phosphate in muscle and is
freely filtered by the glomerulus. Although estimation of
the GFR using creatinine is not as specific and sensitive as,
for example, an inulin clearance assay, the method is
inexpensive, fast, and minimally invasive. The Jaffé
reaction, based on a colorimetric method first described
by Jaffé in 1886 [1], has long been the cornerstone of
routine laboratory assays of creatinine. The major disad-
vantage of this method is its lack of accuracy caused by,
among other factors, interference from conditions such as
hyperbilirubinaemia, hypertriglyceridaemia, haemolysis as
well as from proteins and ketone bodies [2]. In recent years,
enzymatic methods that have less interference with other
substances have widely replaced the Jaffé method [3].
Several studies have been performed to develop equa-
tions for calculating the GFR using serum creatinine and
patient characteristics, such as age, body height and weight
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[4–8]. Most of the equations in children are based on serum
creatinine levels determined by the Jaffé method [9], and
many of these have been established based on results
obtained in small cohorts; consequently, they may lack
precision [10]. An additional complicating factor is that in
young children the use of a GFR formula is made more
difficult by the rapid increase in GFR during the first year
of life—approximately 20 mL/min per 1.73 m2 at birth to
80–120 mL/min per 1.73 m2 at 12 months [11]. It would
seem, therefore, that sensitive, age-corrected reference
values of serum creatinine are required that refer to small
age intervals.
Available studies on reference values of serum
creatinine in children less than 1 year of age are given
in Table 1. Only a few of these studies are based on the
standard enzymatic method currently in widespread use.
As these types of studies are usually performed in hospital
populations, patient selection must be very strict to
prevent the inclusion of patients with kidney damage or
an otherwise abnormal serum creatinine; patients with
high levels of substances known to interfere with
creatinine assessment must also be excluded [3]. The
exclusion criteria in the studies listed in Table 1 do not
appear to have been strict enough. We therefore designed
the retrospective study reported here to determine new
reference values of serum creatinine assayed enzymatically in
infants up to 12 months of age. By using a large,
carefully selected cohort of patients, our aim was to
improve currently used reference values. We compared
these new reference values to those of other studies and
also evaluated the influence of gender, weight and height
on the serum creatinine concentration.
Patients and methods
All serum creatinine values determined in children less than 1
year of age in the Erasmus MC–Sophia Children’s Hospital
between January 2003 and December 2008 were extracted
from the data base. Blood sampling had been done by
capillary or venous puncture. Creatinine had been determined
by an enzymatic assay (Creatinine Plus; Roche Diagnostics,
Branchburg, NJ) on an Hitachi 912 analyzer, as described
elsewhere [12]. During the period of sample collection, the
interassay coefficient of variation (CV) was less than 2%.
When performed in the SKML (Dutch foundation for
Quality Assurance in Clinical Diagnostic Laboratories), our
creatinine assay, calibrated to the high-performance liquid
chromatography method, had a bias of 0.65%.
Exclusion criteria
In order to include measurements of children with
normal serum creatinine level only, several steps of
exclusion were carried out. Firstly, to prevent the
influence of serial measurements, we randomly selected
Table 1 Overview of studies on reference values of serum creatinine in children younger than 1 year of age
Study Age group Method Comment
Jury 1979 [26] First 14 days
1–20 year
Jaffé Exclusion criteria not clear
Reference values in a graph only
Feldman and Guignard 1982 [27] First month Jaffé Large intervals
Hyperbilirubinaemia not excluded
Trompeter et al. 1983 [28] First 2 months Jaffé
Gomez et al. 1984 [20] 0–14 year Jaffé Reference values in a graph only
Gordjani et al. 1988 [29] First 10 days Jaffé
Savory 1990 [18] 0–20 year Jaffé Only renal diseases and diabetes excluded
Sugita et al. 1992 [30] 0–10 year
>20 year
Enzymatic Exclusion criteria not clear
Large intervals
Greeley et al. 1993 [31] (abstract) 0- over 1 year Jaffé Only outliers excluded
Large intervals
Bueva and Guignard 1994 [17] First month Jaffé Exclusion criteria not clear
Soldin et al. 1997 [32] (abstract) 0–18 year Jaffé Only outliers excluded
Large intervals
Bökenkamp et al. 1998 [25] 0–18 year Enzymatic Reference values only in a graph
Small number of patients
Finney et al. 2000 [33] 0–20 year Jaffé Large intervals
Schlebusch et al. 2002 [15]
Ceriotti et al. 2008 [16]
First 14 days, 2 months
up to 1 year
Enzymatic Large interval in first weeks
Small number of patients
Pottel et al. 2008 [14] 0–100 year Enzymatic Only serial measurements are excluded
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one assay per patient. Secondly, all determinations
requested by the departments of Paediatric Nephrology,
Paediatric Oncology and the Neonatal and Paediatric
Intensive Care Units were excluded. Thirdly, the remain-
ing patients were screened for pathophysiological con-
ditions that could cause renal damage (Table 2).
Patients born preterm (<37 weeks of gestational age) or
small for gestational age (birth weight <10th percentile
according to The Netherlands Perinatal Registry 2007 [13])
were excluded because of their expected immature renal
function. All patients with a proven or suspected syndrome
were also excluded, for many syndromes are associated
with multiple organ anomalies, including renal pathology.
Finally, during measurement on the Hitachi 912, those
indices possibly associated with interference with the
enzymatic method (hyperbilirubinaemia, hypertriglyceri-
daemia and haemolysis) were measured in each sample.
Samples with indications of haemolysis, hyperbilirubinae-
mia or hypertriglyceridaemia were excluded. All patients
with muscle disease were also excluded.
All assay results from 1- to 7-day-old children were
included in view of the expected rapid initial decline in
serum creatinine during the first days of life. For older
children up to 3 months of age, 15 random determinations
per week were included; for those between 3 and 12
months, five random determinations per week.
The exclusion procedure was carried out by two
physicians who were blinded to the serum creatinine
levels.
Statistical analysis
Visual inspection of scatter plots of serum creatinine
versus age did not reveal a simple functional relation-
ship. Prior knowledge suggested a rapid initial decrease,
followed by a plateau and then a gradual rise. This
pattern remained after logarithmic transformation of both
variables.
Therefore, a “broken stick” relationship with three log-
linear segments was fitted. These segments were tied
together at two breakpoints. The positions of the break-
points (defined as K1 and K2) on the x-axis were estimated
using non-linear regression analysis. The initial slope
before the first breakpoint and the slope after the second
breakpoint were also calculated.
The relationship can be written as:
For the initial decrease : Y ¼ Aþ B»X
For the plateau : Y ¼ Aþ B»K1
For the final increase : Y ¼ Aþ B»K1þ C X K2ð Þ
where X denotes 2log(age in years), Y denotes the 10log
[creat (μmol/L)], K1 is the breakpoint between the initial
decrease and the plateau and K2 is the breakpoint between
the plateau and the following increase. A denotes the
intercept, B is the initial slope before breakpoint K1 and C
is the second slope after breakpoint K2.
Using this approach, we first determined the parameters
in the relationship and then estimated the standard deviation
Table 2 Exclusion criteria and the method of exclusion
Exclusion criterion Method of exclusion na
Kidney disease Exclude all cases with kidney disease described in medical record 62
Use of cytostatic drugs Exclude all patients receiving cytostatic drugs or with proven malignancy described in medical record 12
Premature Exclude all patients with gestational age <37 weeks described in medical record 224
Small for gestational age Exclude all cases if birth weight was:- <2300 g if gestational age=37 weeks- <2500 g if gestational
age=38 weeks- <2700 g if gestational age=39 weeks- <2900 g if gestational age=40 weeks- <3000 g
if gestational age=41 weeks- < 3100 g if gestational age=42 weeks
64
Muscle disease Exclude all patients with muscle disease described in medical record 1
Haemolysis Exclude all patients with proven haemolysis described in medical record or found in laboratory tests 0
Hyperbilirubinaemia Exclude all patients with hyperbilirubinaemia proven with laboratory test 32
Hypertriglyceridaemia Exclude all patients with hypertriglyceridaemia proven with laboratory test 2
Syndromes Exclude all patients with a syndrome described in medical record. Exclude all patients with multiple
congenital dysmorphisms described in medical record
79
After major surgery Exclude all determinations performed after (cardio)thoracic surgery or extensive abdominal surgical
procedure described in medical record
128
Prerenal problems Exclude all patients with shock, dehydration, heart failure or cardiopulmonary resuscitation described
in medical record
131
Urological problems Exclude all patients with hydronephrosis, vesicoureteral reflux, urinary tract infection described
in medical record
128
a The total number of exclusions is >748 because some patients were excluded for more than one reason
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of the residuals (=difference between predicted value by the
model and the real value measured), which allows us to
calculate the 2.5th and 97.5th percentiles. We then
calculated our model and its limits and anti-logged the
values, which gave us the median and 2.5th and 97.5th
percentiles.
To check the relationship between the residuals of this
model and the children’s height and weight, we used
Spearman’s correlation analysis. The influence of gender
was estimated with the Mann–Whitney test. A difference
was assessed as significant at P<0.05. The software used
was Statistical Package for the Social Sciences (SPSS) ver.
16 (SPSS, Chicago, IL).
After having determined the ‘new’ reference values, we
compared these with those from other studies. A valid
comparison with the results of Pottel et al. [14] necessitated
adjustment of our data to the method these authors reported
as they only excluded patients with serial measurements
and outlying values.
Results
Between January 2003 and December 2008 a total of
29,839 determinations of serum creatinine were performed
in 5,608 patients younger than 1 year of age. Values from
patients who did not meet the inclusion criteria were
excluded, resulting in a total of 12,205 values. Random
selection of one assay per patient resulted in 3575 assays
for study.
A total of 748 patients were excluded from the study
for the reasons given in our exclusion criteria. Table 2
shows the number of exclusions for each criterion. Some
patients were excluded by more than one criterion. A total
of 442 patients was included randomly; 67 during the first
week, categorized to days of life; 15 during each week in
the next 12 weeks of life; five during each week of the
remaining weeks up to the first year of life. There was a
male preponderance among these patients (57.7%). Body
weight and height at time of determination was available
in 397 (89.8%) and 176 (39.8%) of these patients,
respectively.
The individual creatinine values of the included patients
and the graph of the model are shown in Fig. 1. The
reference values for the separate time intervals are shown in
Table 3. With this model, the R2 is 0.63. The intercept was
estimated as 1.75. The first breakpoint is on day 65 and the
second breakpoint on day 216. The initial slope is −0.07,
which corresponds to a 15% decrease in serum creatinine
with doubling of the age before day 65. The second slope is
0.045, which corresponds to an 11% increase in serum
creatinine with doubling of the age after day 216. The
geometric mean at plateau phase was 20 μmol/L.
The standard deviation of the residuals of the model was
0.084. The 2.5th and 97.5th percentiles are given by the
formula: 10predicted values ± 2 × 0.084, respectively.
The correlation analysis showed that there was no
correlation between the residuals and length and weight of
the patient (r=−0.016, P=0.75 and r =−0.058, P=0.45,
respectively). Therefore, following adjustment for age, both
variables did not significantly influence creatinine values.
The Mann–Whitney test comparing the residuals between
boys and girls also did not show a significant effect of
gender (P=0.11).
A comparison of our results with those of Pottel et al.
[14], the study most similar to ours, revealed a clear
difference (Fig. 2). Using the selection procedure applied in
that study virtually extended our data set to 2243 patients
and increased the mean values by 20%, thus corresponding
to the data of Pottel et al.
Discussion
Insight into the GFR of children of all age groups enables
clinicians to adjust the dosage of drugs eliminated by the
kidney and thereby avoid the use of nephrotoxic drugs.
Estimation of GFR by formulas based on body size is not
applicable to infants, as we confirmed with our data.
Furthermore, serum creatinine values considerably change
over time. Reliable reference values of serum creatinine in
infants are scarce for several reasons. First, in many studies,
they have been derived with the flawed Jaffe method, not
the enzymatic assay. Second, the numbers of infants
included in such studies have tended to be small and the
Fig. 1 Reference values of serum creatinine in children younger than
1 year of age. Symbols Individual serum creatinine value of each
patient included in the study, lines geometric mean (middle) and the
2.5th (lower) and 97.5th (upper) percentiles
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selection of patients not optimal. Third, the age intervals
used are too wide to accurately reflect the rapid changes in
creatinine during the first weeks of life. Consequently, in
our retrospective study, we collected values of serum
creatinine in children younger than one year of age from a
large population, carefully selected for normal kidney
function and divided over adequate intervals. Careful
selection is a must because this type of study can only be
performed in hospital populations: it is considered unethical
to draw blood from healthy infants. Even the slightest
suspicion of dysplasia or dysfunction of the kidneys should
be reason for exclusion. The long list of exclusion criterions
we used was aimed at selecting a population with normal
kidney function.
The results of our study confirm the well-known rapid
decline of serum creatinine during the first weeks of life
(Fig. 1). At birth, serum creatinine reflects the relatively
high maternal level of serum creatinine, which is about 65–
70 μmol/L for women aged 20–40 years [14]. Pottel et al.
reported a rise on day 1 after birth [14]. We did not find
this, perhaps due to the absence of cord blood samples and
the low number of measurements on day 1. A temporary
increase may be a physiological phenomenon, reflecting the
sudden vanishing of the high maternal clearance, some
production of creatinine by the child, in combination with a
low renal clearance by the child. However, it may also be
due to the inclusion of patients with asphyxia or premature
birth. The pace at which the serum creatinine level
decreases in the weeks after birth gradually slows down.
A plateau is reached between approximately days 65 and
220 as a result of two physiological developments: (1)
ongoing kidney maturation and, consequently, increased
filtration of creatinine; (2) a simultaneous increase in
absolute creatinine level due to increasing muscle mass.
Fig. 2 Comparison between the results of Pottel et al. [14] (interupted
lines) and our results (continuous lines). Continuous lines 97.5th
percentile (upper), median (middle) and the 2.5th percentile (lower) of
our data. Interrupted lines 97.5th percentile (upper), median (middle)
and the 2.5th percentile (lower) of the data of Pottel et al.
Table 3 Reference values for serum creatinine in different subgroups
Group Creatininepredicted
a 2.5th percentileb 10th percentileb 90th percentileb 97.5th percentileb nc
Day 1 55 37 43 70 81 5
Day 2 47 32 36 60 69 13
Day 3 42 29 33 54 62 12
Day 4 39 27 31 50 58 9
Day 5 37 25 29 48 55 8
Day 6 36 24 28 46 53 7
Day 7 34 23 27 44 51 13
Week 2 31 21 24 40 46 15
Week 3 28 19 22 36 41 15
Week 4 25 17 20 32 37 15
Month 2 22 15 17 29 33 65
Month 3 20 14 16 26 30 69
Month 4–6 20 14 16 26 30 65
Month 7–9 20 14 16 26 30 65
Month 10–12 21 15 17 27 32 65
Values are given as micromoles per litre (μmol/L). To express serum creatinine values in milligrams per declitre (mg/dL) divide by 88.4
a Creatininepredicted expresses predicted median values by our formula
b 2.5th, 10th, 90th and 97.5th percentiles are the percentiles predicted from the model
c n is the number of included patients
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Thereafter, the level gradually rises again, caused by
increasing muscle mass; the kidney is now almost mature,
and the GFR relative to body surface area will not increase
much further. This complicated pattern of changing levels
of serum creatinine is a major reason that small intervals for
the reference values need to be defined, especially during
the first few weeks of life.
Visual inspection of the data points in relation to the
fitted model reveals that our broken-stick model fits the
data quite well. This was confirmed with the R2, which
was 0.63. When data on the first few days of life were left
out of the analysis—on which there were relatively few
inclusions—our reference values remained unaltered on
visual inspection.
Our data are in agreement with those of Schlebusch et al.
[15] in the age group between 2 months and 1 year of age.
These researchers also used the enzymatic determination
method of creatinine. However, they found a somewhat
wider range of values in this period, namely 19, 14 and
35 μmol/L for the mean and 2.5th and 97.5th percentiles,
respectively, versus 20, 14 and 30 μmol/L in the present
study. Comparison of the data in the first weeks of life is
not possible because Schlebusch et al. used larger age
intervals.
Ceriotti et al. [16] set out to model age-adjusted
paediatric reference intervals using the original data
presented by Schlebusch et al. Following the approach of
Royston and Wright, they found a wider range of reference
values. For example, the 2.5th and 97.5th percentiles at day
7 were 22 and 73 μmol/L, respectively, compared to 23–
51 μmol/L in our study. The wider ranges reported by
Schlebusch et al. [15] and Ceriotti et al. [16] may be
explained by the smaller number of patients included—41
versus 264 in our study.
Our reference values in the first weeks of life are lower
than those reported by Pottel et al. [14] (Fig. 2). This is
probably due to the different exclusion criteria applied.
Pottel et al. only excluded serial measurements and outliers,
whereas we excluded all patients at risk for increased
creatinine, including prematurely born patients. The latter
have higher values of serum creatinine due to immature
renal function [17–19]. Using the selection method applied
by Pottel et al. on our database resulted in similar curves.
We suggest that the higher values found in the study by
Pottel et al. may be caused by the inclusion of patients with
a higher creatinine level than that found in the normal term
population, leading to overestimation of the reference
values of serum creatinine.
In our young population, patients’ gender, height and
weight did not influence the serum creatinine concentration.
The absent influence of gender has been confirmed in other
studies for this age group [14, 20]. The finding that height
and weight are not related to the level of serum creatinine
emphasizes that one should be careful using formulas that
calculate the GFR from serum creatinine and height in
children of this age group.
Although the reference values of serum creatinine
presented in this study may help clinicians to assess renal
function, a marker of renal function that is stable over time
and not influenced by muscle mass, tubular secretion and
other factors would be preferable. Promising markers may
be Cystatin C and beta-trace protein [21–23], of which the
latter is still under evaluation. In contrast to serum
creatinine, serum Cystatin C concentration is not influenced
by age, weight, height, gender and body composition in
older patients [24, 25]. The use of such a stable marker
should simplify the interpretation of test results.
In conclusion, through the use of a carefully selected
sample of patients less than 1 year of age from a large
hospital population, we have been able to present reliable
reference values for enzymatically assayed serum creatinine
in children of this age group.
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